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The use of skidders equipped with rubber tires is a well accepted practice for the extraction of 
timber from the forest, but the application also causes considerable environmental problems. 
The aim of the study was to evaluate the effects of different slope gradient, number of machine 
passes on skid trails and soil depth on soil compaction. The study was designed as an experi-
ment with the factors including slope gradient, soil moisture, and soil depth on various skid 
trails and with different number of machine passes. The effects of four slope classes (flat, 10%, 
-10% and -20%), three soil depth classes (5, 15 and 25 cm), and different compaction levels 
based on various number of machine passes (0, 1, 5, 8, 10, 15, 20, 25 and 30) were evaluated. 
A Timberjack cable skidder was used and the study location was in the Kheyrud Educational 
and Research Forest located in the Hyrcanian forest in northern Iran. The increased number 
of machine passes increased soil bulk density, but the highest rate of compaction occurred after 
the initial few passes. Uphill skidding increases soil compaction more than downhill skidding. 
The increases in bulk density were still significant at the maximum sampling depth of 20–30 
cm. Soil bulk densities at 5, 15 and 25 cm depth averaged 35, 22 and 17% higher than densi-
ties of undisturbed soil. 
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2. Materials and methods – Materijal i 
metode




Fig. 1 Proportion of the Hyrcanian forest area based on terrain slope
Slika 1. Udio nagiba terena šumskih zemljišta Hirkanijske šume 
(Golestan)
Effects	of	Rubber-Tired	Cable	Skidder	on	Soil	Compaction...	(123–135)	 B.	Majnounian	and	M.	Jourgholami
Croat. j. for. eng. 34(2013)1	 125












December,	 January,	and	February,	and	up	 to	+25°C 
during	the	summer.	This	area	is	dominated	by	natural	
forests	containing	native	mixed	deciduous	tree	species	













terrain that could not be reached by skidders, logs were 
processed	to	sawn-lumber	and	then	hauled	by	mules.	
An	important	strategy	is	to	limit	traffic	on	designated	
skid trails, hence, landings and skid trails were clearly 
flagged	on	the	ground	before	harvesting.	The	intension	







Fig. 2 Location of study site within the Hyrcanian Forest
Slika 2. Područje istraživanja
Table 1 Characteristics of the study site









Total volume of removed 
trees, m3
Ukupni drvni obujam, m3
DBH of removed trees, cm




(10 tree/ha – 10 stabala/ha)
872.3 (32 m3/ha) 20–135
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Fig. 3 Timberjack skidder, equipped with rubber-tires while extract-
ing timber
Slika 3. Skider Timberjack prilikom privlačenja drva
Fig. 4 Sketch of study layout for soil sampling
Slika 4. Shema rada za uzimanje uzoraka tla
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bance	 to	 the	contents,	 the	soil	 cores	were	 trimmed	
flush	with	the	cylinder	end	and	extruded	into	a	plastic	
bag	for	transporting	it	to	the	laboratory.	Samples	were	































3. Results – Rezultati
3.1 Soil disturbance – Oštećenje tla

















Table 2 Compartment disturbance area due to rubber-tired skidder operation





































324 4.8 1555.2 1150 241 0.32 77.12 –
Trail 2
Vlaka 2
1387 5.1 7073.7 – 3752 0.34 1275.68 –
Trail 3
Vlaka 3
260 4.95 1287 180 380 0.29 110.2 –
Total area
Uk. površina
1971 – 9916 1330 4373 – 1463 12709
Area, %
Površina, %
– – 5.8 0. 8 – – 0.9 7.5
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machine passes – Zbijanje tla: utjecaj nagiba 































Table 3 Analysis of variance (ANOVA) for the effect of number of 
machine passes (NP) and slope gradient (SG) on bulk density in 
0–10 cm soil depth
Tablica 3. Analiza varijance za prolazak vozila (NP) i nagib terena 


















NP 1.77 8 0.221 829.34 0.00
SG 0.17 3 0.058 216.36 0.00
NP × GS 0.06 24 0.003 9.67 0.00
Fig. 5 Average bulk density (a) and its relative changes before and 
after skidding in each slope gradient of the trail and by independent 
samples t-test and Duncan’s test (b)
Slika 5. Prosječne vrijednosti (a) i relativne promjene gustoće tla 
nakon privlačenja drva (b)
Fig. 6 Relationship between the increase of bulk density (%) and 
machine passes
Slika 6. Odnos povećanja u gustoći tla (%) ovisno o prolasku vozila
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Fig. 7 Relationship between the increase of bulk density and machine passes on different slope gradients
Slika 7. Odnos povećanja u gustoći tla s prolaskom vozila na vlakama različitih nagiba
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Table 4 Mean bulk density values (± standard deviation) as influenced by machine passes and slope gradient
Tablica 4. Srednje vrijednosti gustoće tla (± vrijednost standardne devijacije) pod utjecajem prolazaka vozila i nagiba terena (SG)
SG (%)
Number of machine passes – Broj prolazaka vozila 
0 1 5 8 10 15 20 25 30
-10 1.08±0.01a* 1.17±0.01b 1.33±0.01b 1.42±0.02b 1.42±0.01b 1.43±0.01b 1.43±0.02b 1.44±0.02b 1.44±0.02b
-20 1.05±0.03ab 1.14±0.01c 1.27±0.02c 1.34±0.01c 1.39±0.03b 1.39±0.02c 1.4±0.01c 1.4±0.02c 1.41±0.01c
0 1.06±0.03ab 1.11±0.01d 1.25±0.02c 1.31±0.02c 1.34±0.02c 1.37±0.02c 1.38±0.01c 1.39±0.01c 1.39±0.01c
10 1.03±0.01b 1.22±0.01a 1.46±0.02a 1.46±0.02a 1.47±0.01a 1.47±0.03a 1.47±0.01a 1.48±0.01a 1.48±0.01a
Table 5 Analysis of variance (ANOVA) for the effect of sample position, slope gradient, and depth on bulk density in skid trials












Slope – Nagib terena 0.012 3 0.004 3.78 0.02
Position – Položaj 1.611 1 1.611 1528 0.00
Depth – Dubina tla 1.035 2 0.518 491 0.00
Slope * Position
Nagib terena * Položaj
0.021 3 0.007 6.59 0.00
Slope * Depth
Nagib terena * Dubina tla
0.003 6 0.001 0.48 0.82
Position * Depth
Položaj * Dubina tla
0.046 2 0.023 21.7 0.00
Slope * Position * Depth
Nagib terena * Položaj * Dubina tla
0.001 6 0.00 0.21 0.97
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4. Discussion – Rasprava
4.1 Soil disturbance – Oštećenje tla
Once	the	sampling	method	was	established,	the	













machine passes – Zbijanje tla: utjecaj nagiba 




centages, the increased bulk densities were statisti-
cally	different.	The	results	of	most	studies	were	con-



























Fig. 8 Average decrease in bulk density with soil depth on skid trails 
of four slope gradients
Slika 8. Prosječno smanjenje gustoće na različitoj dubini tla
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Fig. 9 Mean bulk density depending on different sampling places







quence	of	 the	problem	that	 the	skidder	might	 face	
when	logging	in	steep	terrains.	Under	these	conditions	
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the	vehicle	slipped	continuously	and	remained	in	a	
given	place	for	a	longer	period	of	time,	puddling	and	


















depths – Zbijanje tla: utjecaj nagiba terena i 
dubine tla
The	results	showed	that	average	pre-harvest	bulk	














increasing	 soil	depth	 the	 compaction	 level	 also	 in-
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 	 Sažetak	  
Utjecaj broja prolazaka kotačnoga skidera na zbijanje tla
Upotreba je kotačnih skidera vrlo česta za privlačenje drva iz šume, ali pritom vozilo negativno utječe na okoliš. 
Cilj je istraživanja bio ispitati kako različiti nagibi terena (odnosno traktorskih vlaka), broj prolazaka vozila po trak-
torskoj vlaci i dubina tla utječu na zbijanje tla. Istraživano je zbijanje tla na četiri nagiba traktorskih vlaka: ravan 
teren, nagibi od +10 %, -10 %, -20 %; na tri različite dubine tla: 5, 15 i 25 cm te s obzirom na broj prolazaka vozla 
po vlaci: 0, 1, 5, 8, 10, 15, 20, 25 i 30 (slika 7). Uzorci su tla uzimani unutar traktorske vlake i izvan nje (slika 4) 
svakih 25 m duž vlake kako bi se vidio utjecaj natovarenoga vozila na tlo. Istraživanje je provedeno u Nastavno-po-
kusnom šumskom objektu Kheyrud, koji se nalazi unutar Hirkanijske šume u sjevernom Iranu, a drvo je privučeno 
skiderom Timberjack. Traktorske su vlake zauzimale 5,8 % ukupne površine istraživanoga područja (17 ha) uz do-
datnih 0,8 % površine potrebne za pomoćno stovarište. S povećanjem broja prolazaka vozila povećala se i gustoća tla, 
ali je ipak najveće zbijanje tla ustanovljeno u prvih nekoliko prolazaka vozila. Privlačenje drva uzbrdo (+10 % nagi-
ba terena) više je zbijalo tlo (slike 5 i 6) nego privlačenje drva nizbrdo (nagibi terena -10 % i -20 %). Povećanje je 
gustoće tla i na dubini od 20 do 30 cm bilo značajno (slika 8). Gustoća je tla na dubini od 5, 15 i 25 cm bila veća za 
35, 22 i 17 % od gustoće tla na netaknutom tlu (slika 9). Kako bi se smanjilo zbijanje tla, potrebno je privlačiti drvo 
po unaprijed planiranim i za to predviđenim traktorskim vlakama te usmjereno obarati stabla kako bi se smanjilo 
kretanje vozila po šumskom bespuću jer već i nakon prvoga prolaska vozila dolazi do povećanja gustoće tla i njegova 
zbijanja. Također, privlačenje se drva treba odvijati u uvjetima suhoga tla kako bi se smanjila oštećenja na šumskom 
tlu.
Ključne riječi: zbijanje tla, gustoća tla, kotačni skider, Hirkanijske šume
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